Abstract Design of a three-terminal Quantum Switch is suggested in form of a network consisting of a circular quantum well and a four quantum wires attached to it. The conditions of functioning are defined in dependence of the desired working temperature, Fermi level and effective mass of an electron. The speed of switching is estimated.
Introduction
The interference of wave functions is intensely used for manipulation of quantum current since eighties, see for instance [2, 3, 4] . The Resonance Quantum Switch in [5, 9, 6, 11] was suggested as a quantum network Ω ("fattening graph", see [7, 8] ) constructed on the surface of a semiconductor of a circular quantum well Ω 0 (vertex domain)radius R and quantum wires Ω 1 , Ω 2 , Ω 3 , Ω 4 width δ attached to it centering at the points a s , s = 1, 2, 3, 4 on the boundary of the well ∂Ω 0 . The wire Ω 1 is selected for the input, others are terminals. The quantum wires are connected to the well directly or via tunnelling under potential barriers situated on the contact zone (−l, 0) of the wires (−l, ∞) (split-gates). The width l of the barrier may vary from zero to few nano-meters. The height of the barrier over the Fermi-level and the depth of the channel may vary from zero to few eV , see [10] .The effective potential V ∞ + 2 π 2 2m ⊥ δ 2 in the wires at infinity is choosen such that the resonance energy level E 0 = E f is in the middle of the first spectral band.
We neglect scattering on impurities both in the quantum well and on the wires assuming that the dynamics of electrons is ballistic and single-mode on large intervals of the wires.The quantum dynamics of a single electron is described by the Schrödinger equation with the linear potential V (x) and the average effective mass m inside the well. The potential on the wires is piecewise constant or constant,but the tensor of effective mass is non-trivial : the effective mass across the wire m ing that the radius of the vertex domain is small for given temperature , we have in mind that the spacing ρ R 0 (E f ) = min s =0 |E s − E 0 | of energy levels in the vertex domain Ω 0 radius R at the resonance energy E 0 = E f (with wires disjoint from the domain) is large compared with temperature:
We assume that the inverse "re-normalized" spacing is estimated by the distance of the Fermi-level from the second threshold :
The non-dimensional spacing on the resonance level for the circular quantum well radius 1 is 2.3 so that the above condition (2) is fulfilled if the width δ of the wires and the radius R of the well are connected by the con-
Scattering and resonances
We consider a single act of an electron transmission from the incoming wire Ω 1 to one of terminals Ω s , s = 1, . . . as a scattering process in the network Ω. The Schrödinger equation on the wires admits separation of variables u = ∞ l=1 u l (x)e l (y) when using the expansion over eigenfunctions of the cross-sections e l (y) = 
we may present the equations for the amplitudes u l , l = 1, 2, . . . as
with the positive spectral parameter
Assuming that the effective mass of electron inside the well coincides with conventional electron mass m = m 0 we present the spectral problem on the whole network by combination of the equation (3) and
with the matching boundary conditions:
The intermediate perturbed operator l r is defined by the above Schrödinger equations on the whole network with partial Dirichlet boundary condition chopping the first channel off:
and partial matching conditions in all closed channels. 
and is accomplished with exponentially decreasing components in upper channels l ≥ 2:
The Scattering Matrix S 1 and the amplitudes S l in upper channels are defined from the matching condition of u 1 to the solutions of the corresponding homogeneous equation inside the well. The two-dimensional matching problem may be solved with use of the Dirichlet-to-Neumann map (DN-map) Λ r of the operator l r , see Appendix below and [17, 20] . Then , introducing the notation
we obtain :
We estimate the speed of transition processes by the width of the corresponding resonance, see [19] λ s = p 2. In case when the split-gates at the entrances to the wires are absent, l = 0, we also assume that the contribution to DN-map from the neighboring non-resonance eigenvalues is dominated by momentum. Then the nondimensional resonance may be calculated aŝ λ =λ r 0 − 5.5 10 −3 + i 0.11 and the life-time of the resonance is found as τ 0 = 10πs. In both cases we neglected the contribution to DNmap from the non-resonance eigenvalues, using actually the one-pole approximation for expressions staying in the numerator and denominator of the Scattering matrix. In particular, in the second case we have the following "one-pole approximation " for the Scattering matrix on the first spectral band which actually is a Scattering matrix for the corresponding "zero-range potential with inner structure" similar to one discussed in [13] .
S(λ) ≈ −

Switching phenomenon and working point
We see from (9) 
Choosing ε = 
Then the transmission coefficients may be calculated from (9) The working regime of the switch is stable if the bound states in the well corresponding to the neighboring eigenvalues are not excited at the temperature T as:
Then the shift potential V 0 on the well Ω 0 may be defined from the condition 2m 
For the boundary condition u Γ = u Γ we obtain the solution of Lu = λu as a re-normalized double-layer potential : u(x) = Γ P λ (x, s, λ)u Γ (s)dΓ. The DN-map is represented for regular points λ of L D as a generalized integral operator with a singular kernel:
The DN-map for the intermediate operator is defined for given boundary data u γ ∈ E + as a projection Λ r = P + ∂u ∂n , of the normal derivative of the solution u : lu −λu = 0 on the whole network which is properly decreasing at infinity in all upper channels The eigenfunctions of the operator l r may be found by variational method.
